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Bovine digital dermatitis (BDD) is an infectious lameness in cattle, which has a 23 large global impact in terms of animal welfare and cost. The majority of evidence 24 suggests that spirochaetes are the aetiological agent of this disease. The aim of this study 25 was to identify the susceptibility of BDD associated spirochaetes to a range of 26 antimicrobial agents with a view to potential usage in vivo to treat this widespread cattle 27 disease. A microdilution method was adapted to determine the in vitro susceptibilities of 28
UK digital dermatitis spirochaetes (6 Treponema medium/Treponema vincentii-like, 8 29
Treponema phagedenis-like and 5 Treponema denticola/Treponema putidum-like) to 30 eight relevant antimicrobials. The BDD spirochaetes exhibited the highest susceptibility 31 to penicillin and erythromycin and this information may now be used to aid development 32 of efficacious treatments. 33
This study has also identified that BDD spirochaete T167 is spectinomycin 34 resistant and that the likely biological basis is a point mutation in the 16S rRNA gene. 35 Interestingly, nearly all Brachyspira isolate 16S rRNA gene sequences in Genbank have 36 this substitution, suggesting it may be responsible for the characteristic spectinomycin 37 resistance reported for the Brachyspira genus. Microplates were incubated in an anaerobic cabinet overnight prior to use. The 99 group 1, 2 and 3 strain inoculums were taken from cultures grown for six, four and seven 100 days respectively, with all cultures being grown at 36 ºC under anaerobic conditions in 101 OTEB supplemented with respective sera. Bacteria counts were determined using a 102
Petroff-Hausser counting chamber (Fisher) under phase contrast microscopy. Trial 103 experiments identified that a 50 µl inoculation volume promoted the most consistent 104 growth in all treponemes cultures from each of the three BDD groups. The stock 105 inoculum of group 1, 2 and 3 isolates contained 8.75 × 10 7 , 1.14 × 10 8 and 2.69 × 10 8 106 treponemal organisms/ml respectively. Prior to treponeme inoculation, each well had a 107 volume of 150 µl resulting in a final volume after inoculation of 200 µl. The microplates 108 were incubated at 36 ºC under anaerobic conditions for the required time for MIC 109 measurement. The antibiotics tested were penicillin G, ampicillin, oxytetracycline, 110 gentamicin, lincomycin, spectinomycin and erythromycin (Sigma-Aldrich, Dorset, U.K.); 111 and enrofloxacin (Bayer, Leverkusen, Germany). Antibiotic test ranges are listed in Table  112 2. 113
Determination of MICs. 114
Preliminary experiments were necessary to identify the late exponential/early 115 stationary phase microdilution time point for each different BDD group, particularly 116 given the known phenotypic differences previously described for each group, especially 117 their growth characteristics (Evans et al., 2008) . Growth curves were recorded for each ofM a n u s c r i p t 6 the BDD associated spirochaete groups by measuring the absorbance of the microplate 119 wells at 540nm every day for up to 10 days using a Multiskan microtitre plate reader 120 (Thermo Scientific, Hampshire, U.K.). The late exponential/early stationary phase time 121 point was identified for each different group as three days for group 3 isolates and four 122 days for group 1 and 2 isolates. 123
The MIC for each antibiotic was taken as the lowest concentration of antibiotic 124 that prevented growth in wells. groups as well as for all three groups as a whole. For example, the group 3 isolates 155 appeared to be more susceptible to gentamicin than the other two groups, whilst group 2 156 isolates were less susceptible to lincomycin than the other two groups. All groups were 157 most susceptible to penicillin and erythromycin whilst not being particularly susceptible 158 to enrofloxacin. The ovine isolate had near identical MIC and MBC values to the group 159 3 BDD associated treponemes. 160
The Group 2 isolate T167 had MIC values above the spectinomycin concentration 161 test range chosen for that group (see Table 2 for group antibiotic test ranges) and testing 162 was repeated with increased spectinomycin concentrations in an attempt to identify the 163 MIC and MBC values. After allowing for the solubility of the antibiotic, the highest 164 concentration tested was 12,288mg/L and the MIC was still not reached, this is an A c c e p t e d M a n u s c r i p t
10
In addition to this useful data for designing BDD treatment, another observation 213 of relevance to general spirochaete antibiotic resistance mechanisms has been identified. 214
In this study the spectinomycin MIC of T167, a group 2 BDD spirochaete, was at least 215 2048 times that of the other group 2 isolates. Given that T167 is genotypically and 216 phenotypically identical to the other group 2 spirochaetes (Evans et al., 2008); this 217 suggests that this isolate had acquired spectinomycin resistance. A literature and database 218 search for spectinomycin resistance mechanisms identified the most likely cause to be a 219 single nucleotide difference in the 16S rRNA gene of T167 which was absent from the 220 remaining isolates. This same cytosine to thymine transition at position 1192 (using 221
Escherichia coli numbering) of the 16S rRNA gene has previously been identified as 222 being responsible for spectinomycin resistance in Neisseria gonorrhoeae and E. coli 223
(Galimand et al., 2000). 224
Having identified the spectinomycin resistance point mutation in BDD 225 spirochaete T167 a more general search was carried out to locate the presence of this 226 mutation in several genera of clinically significant spirochaetes; Treponema, Leptospira, 227 Borrelia and Branchyspira. Genbank was interrogated for all 16S rRNA genes from each 228 of the above genera, sequences aligned and the results are shown in Table 4 
